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Abstract 
This paper describes and stretches the perspective of achieving increasing agricultural productions system’s sustainability 
through the usage of advanced information and communication technologies supported by satellite based navigation. Such a 
direction of development implies a renewed focus on the usage of these advanced technologies and increase the demand for a 
system approach that integrates advanced management tools (for planning, on-line coordination, route planning, mission 
planning, etc.) able to cope with the inherent dynamic nature of agricultural production systems. Selected key solution domains 
for enhanced production efficiency and decreased environmental degradation that involve satellite-based navigation are 
presented and discussed.  
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1. Introduction  
Agricultural production systems are currently going through the phase of the high implementation of 
automation and information technologies. As in any other production system, these technologies greatly have 
decreased the need for human presence and inspection in both of the process of decision making and task 
execution; while on the other hand, have increased the operations efficiency, speed, and repeatability. This phase is 
the processor of the mechanisation phase which has been dominated by a continuous increase in size, scale, and 
machinery mass. The absence or the insufficient implementation of information technologies during the 
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mechanisation phase inevitably resulted to the distorted management practice of dealing with each unit involved in 
the production system (e.g. each machinery unit) as an isolated system having as a result the partial exploitation of 
the their potential high capacity. Moreover, although the trend towards manufacturing and employing larger and 
larger machines has led to increased working rates and economic benefits, the risk of soil compaction has been 
increased even more [1]. Beyond the degradation of soil as a growth mean, agricultural production systems have to 
tackle a number of environmental, technological, organisational, financial, and political challenges over the 
coming decades. The goals that have to be met towards this direction include the increased productivity, reduced 
waste in the production chain, optimised water management, optimised energy efficiency, and reduced GHG 
emissions. 
Innovative satellite-based technologies such as navigation systems, GIS, and telematics combined with 
automation control systems, sensor networks, and ICT can pave the way towards sustainable and efficient 
agricultural production systems. EU considers satellite navigation as a key enabler in applications in many 
transport and production domains and has decided to embark on its own satellite navigation programmes (e.g. 
Galileo and EGNOS). Concerning the agricultural domain, targeted applications towards this consideration 
include: 
x CAP (Common Agricultural Policy) reporting;  
x Precision agriculture; yield management, seeding, cadastre; 
x agricultural vehicles and machinery guidance (automated steering systems for in-field navigation and 
navigation-aiding systems for post-field navigation)  
x use integrity information in EGNOS for secure automated navigation under difficult conditions;  
x combined optimisation of in-field and post-field logistics  
x use vertical precision of EGNOS to take into account topography of fields 
x intelligent and remote machinery monitoring 
In the following, selected key solution domains for enhanced production efficiency and decreased 
environmental degradation that involve satellite-based navigation selected are presented and discussed.   
2. Satellite navigation based operational systems 
2.1. Precision agriculture management systems  
The central focus of precision agriculture is the site-specific application of resources within the production 
system, such as fertilisers, agrochemicals, and water. Using the principle of the variable-rate application of inputs, 
precision crop farming aims to optimise the input distribution in field area in order to increase overall economical 
and operational efficiency, while at the same time to reduce adverse effects on the environment. Integrated systems 
for variable rate applications incorporate a series of technologies including real-time sensors, information exchange 
systems, decision support systems, control systems, and GIS systems. All the operational functions where the 
variable rate principle is involved are connected with the in-field motion of machinery involved in both output-
material flow and input-material flow field operations. To this regards, auto-guidance systems is a central part of 
the above mentioned technologies. By increasing the accuracy, availability, reliability and continuity of satellite 
signals, EGNOS and Galileo is expected to remove a number of barriers to the adoption of precision agriculture by 
farmers and farm managers in Europe. These barriers come up from a number of factors including the facts that 
precision agriculture implementation involves a complex set of knowledge-based technologies, a high cost, and a 
lack of perceived benefit delivered by its implementation [2]. The potential savings in terms agro-chemical inputs 
from the implementation of automatic section control during spraying, for example, can be of up to 25% [3]. 
Research has shown the significant potential for reducing pesticide by reducing input application overlaps by 
adopting precision guidance and precision spraying control systems [4]. Beyond the environmental benefits, the 
implementation of precision agriculture has also economic incentives. In general, the returns from investment for 
machinery in a precision agriculture management system are higher than the ones from investment in a 
conventional machinery system. This is due to a number of factors, such as, lower variable costs due to the 
reduction in overlaps and missed areas during the input material operations (e.g. fertilizing, seeding), and better 
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matching of the inputs quantity in the defined zones to the production potential of the zones [5]. Moreover, the 
implementation of such systems can be seen as very promising from the planning process point of view, where 
automated field machinery or field robotic systems could be benefited by the adoption of advanced operational 
research management tools [6].  
2.2. Robotic systems   
Currently, robotics-based production in agriculture production systems is in its infancy. Only machine 
prototypes are existed which are dedicated solely to one specific operation. However, field robots are a future 
perspective where satellite navigation is expected to play a crucial role. Field robots can partially, or even 
completely in specific operational tasks, remove manual labour in performing tedious tasks. Furthermore, the 
replacement of heavy vehicles from relatively small-sized or medium-sized robots will have significant effect on 
reducing soil compaction. Autonomous navigation of these robots is a key issue to be addressed. Reported benefits 
include improved work safety, work efficiency, product quality, and environmental sustainability. Different types 
of robotic categories performing agricultural operation by using satellite navigation for their in-field motion. These 
categories include:       
x Robotics workers. Single or multiple cooperating robotic workers coping with complex tasks such as area 
coverage planning, cooperation of heterogeneous mobile machines, etc.  
x Robotic co-workers. In agriculture they are envisioned to be either remote control operated or to perform 
individual tasks derived from the main worker actions autonomously.  
x Logistics robots. Logistics robots are currently implemented in a variety of operational environments, such as, 
warehouses, ports, and hospitals. Their implementation in the agricultural operational environment e.g. in crop 
harvesting will provide a more efficient biomass management.  
x Robots for inspection. This concern cases such as the field weed monitoring. The hypothesis of such systems is 
that it is possible to automate the planning and execution of the operation of monitoring the in-field weed 
density and species distribution. Such a planning, concerns the dynamic re-evaluation of the initial plan for 
sampling and routing based on the on-line analysis of the samples. It is expected that such dynamic targeted 
sampling and routing systems will reduce the overall cost and time consumption of the weed monitoring 
operation.  
2.3. Fleet management Systems  
Fleet management tools built around satellite-based information functions are practical tools for managing 
agricultural machinery fleets improving operational efficiency and effectiveness. Using the provided geo-spatial 
data fleet management involves the process of supervising the use and, in advanced systems, the collection of 
logistics requests, scheduling and assignment tasks, the maintenance management of machinery, and the operations 
planning functions providing also the dissemination of tasks and the related information. For such systems a 
number of requirements must be fulfilled including, robustness (dealing with functional failures of some systems 
components), balanced optimality vs. velocity, extensibility–flexibility (ability to easily add and remove 
functionalities), heterogeneity (be able to accommodate any robotic machinery fleet regardless of the specification 
of the individual unit),  changeability (be able to accommodate the inclusion or the exclusion of a specific mobile 
unit) adaptation (be able to adapt to specific applications by easily adjusting and tuning the relevant parameters)  
[6].  
2.4. Planning systems  
Area coverage planning: The driving constraint for optimised field area coverage (beyond specific agronomical 
conditions) was the lack of ability for a conventional machinery driver to physically distinguish the field-work 
tracks to be followed in order to fully cover the field area under question. As a results, the solely practice for 
covering a field area, from the early years of the agricultural mechanisation, was the formation of repetitions of 
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standard motifs. The implementation of satellite navigation systems in agricultural machinery has removed this 
constraining factor providing the space for developing advanced operational research methods for the optimal 
planning of field area coverage. A new type of optimal field-work patterns, the B-patterns, is an example of these 
methods. As they defined in [7], B-patterns are […algorithmically-computed sequences of field-work tracks 
completely covering an area and that do not follow any pre-determined standard motif, but in contrast, are a result 
of an optimisation process under one or more selected criteria…]. B-patterns have been implemented in the 
mission planning system of an autonomous agricultural vehicle with satellite-based navigation resulting to a 
reduction of the non-working distance during the field operations up to 50% in a range of different operations [8].  
Route planning for supporting units. A number of agricultural field operations including harvesting, and 
fertilising, are executed by cooperating machines involving one or more primary units and one or more transport 
units. The advent of satellite-based navigation for transport units that perform both in-field and out-of-field tasks 
has provided the opportunity for the development and the subsequent implementation of route planning methods 
that minimise the total travelled distance (or the total travelling time). Beyond the reduction of the fuel 
consumption, and consequently of the CO2, emissions in both in-field and out-of-field cases, especially in the 
former case the reduction of the travelled distance has in addition a significant effect on the soil compaction 
prevention considering the fact that a transport units carries material quantities multiple times heavier than the ones 
that can be carried in the temporary tank of a primary unit. Furthermore, the optimal routing of the transport units 
reduces the time that a primary unit remains idle whilst waiting for a transport unit to be served. Scientific reports 
[9] have shown a 5.32–11.63% total time reduction by the implementation of optimal routing approaches, due to 
the minimization of the possibility of a harvester to remain idle in the field waiting for a transport cart. Finally, 
research results have shown that sifting between optimality criterions (travelled distance and used time) provides a 
discrepancy in the range of 2–10% between the corresponding routes indicating that identification of the 
appropriate criterion suited to particular operational conditions and/or environmental concerns (e.g. operational 
time vs. fuel consumption) is of significant importance [10].  
3. Conclusions 
Innovative technologies originated from various solution domains including geographic information systems, 
telematics, automation control systems, robotics, and ICT, combined with satellite-based navigation, can pave the 
way towards sustainable and efficient agricultural production systems. Such a direction of development implies a 
renewed focus on the usage of these advanced technologies while in parallel increases the demand for a system 
approach that integrates advanced management tools (for planning, on-line coordination, route planning, mission 
planning, etc.) able to cope with the inherent dynamic nature of agricultural production systems.  
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